Indeterminate incidental findings pose a challenge to both the radiologist and the ordering physician as their imaging appearance is potentially harmful but their clinical significance and optimal management is unknown. We seek to determine if it is possible to automate detection of adrenal nodules, an indeterminate incidental finding, on imaging examinations at our institution. Using PRESTO (Pathology-Radiology Enterprise Search tool), a newly developed search engine at our institution that mines dictated radiology reports, we searched for phrases used by attendings to describe incidental adrenal findings. Using these phrases as a guide, we designed a query that can be used with the PRESTO index. The results were refined using a modified version of NegEx to eliminate query terms that have been negated within the report text. In order to validate these findings we used an online random date generator to select two random weeks. We queried our RIS database for all reports created on those dates and manually reviewed each report to check for adrenal incidental findings. This survey produced a ground-truth dataset of reports citing adrenal incidental findings against which to compare query performance. We further reviewed the false positives and negatives identified by our validation study, in an attempt to improve the performance query. This algorithm is an important step towards automating the detection of incidental adrenal nodules on cross sectional imaging at our institution. Subsequently, this query can be combined with electronic medical record data searches to determine the clinical significance of these findings through resultant follow-up.
BACKGROUND
Adrenal nodules are commonly encountered on cross sectional imaging, detected in up to 5% of CT examinations i . Referring physicians often feel compelled to follow-up these nodules with further testing or specialist referrals in order to exclude either metastatic disease from a known or unknown primary or functional adrenal nodules.
We seek to determine if it is possible to automate detection of adrenal nodules on imaging examinations at our institution in order to quantify their prevalence. Eventually this query can be used to help both radiologists and ordering physicians to understand the clinical significance of these nodules through directed chart review.
METHODS
To ensure HIPAA compliance we utilized a preexisting de-identified database of radiology reports approved by our Institutional Review Board.
Research Database
For data mining we created a separate database containing one year (February 1, 2009 to February 28, 2010 of CT examinations from the Hospital of the University of Pennsylvania. Reports of these examinations were identified with PRESTO (Pathology-Radiology Enterprise Search Tool) ii , a web-based search engine and data mining tool at our institution that mines dictated radiology reports and associated meta data, which has indexed our RIS (GE Centricity RIS-IC, Waukesha, WI) from 1988 to present. Selected reports were subsequently placed in a separate MySQL iii relational database for the purpose of this study. A combination of modified version of NegEx iv , regular expressions and PHP were used to query against the MySQL database of selected reports to evaluate our adrenal nodule detection algorithm.
Determination of Descriptors
In order to determine what language was commonly employed to describe adrenal findings we evaluated 10 reports each from 29 attending radiologists at our institution that included adrenal findings on CT studies. Positive descriptors identified through this search included in decreasing order: nodule (93%), adenoma (86%), mass (79%), lesion (45%), and myelolipoma (24%) ( Table 1 ). Based on prior literature descriptors such as "thickening", "nodularity", and "hyperplasia" were excluded due to their non-specific nature v . 
Validation
Manual review was performed on all CT chest and abdomen reports during the study period to detect all reports with discrete adrenal findings. Any report with a negation term was excluded (e.g. "no adrenal nodule"). The remaining studies were considered true positives. This manual review comprised the ground-truth dataset which was then compared to the algorithm results in order to determine true positives, false positives, true negatives, and false negatives from which accuracy, sensitivity, specificity, positive predictive value and negative predictive value were calculated.
Statistical Evaluation
True positives were defined as reports in which both the algorithm and the manual review detected a positive adrenal finding. False positives were defined as reports in which the algorithm detected adrenal findings that were not detected by the manual review. True negatives were defined as reports in which neither the algorithm nor the manual review detected a positive adrenal finding. False negatives were defined as reports in which the manual review detected adrenal findings that were not detected by the algorithm (Table 2) . 
Algorithm Development
A rule-based algorithm was created to search each sentence within the free text of the comments and impression of every radiology report in order to automatically identify the word "adrenal". If the word adrenal was detected, the algorithm then searched within the same sentence for any positive descriptor including "nodule", "lesion", "mass", "adenoma", and "myelolipoma". This sentence-by-sentence approach was chosen because it was found to result in higher specificity when compared to strictly a proximity search technique. Subsequently all candidate sentences were evaluated for negation (e.g., "there is no adrenal mass") through the use of a negation algorithm to decrease the rate of false positives.
This initial algorithm was tested using a two week period (February 1-16 2010) which included 1140 CT examinations of the abdomen and pelvis. Manual review identified 51 positive reports and the algorithm identified 58 positive reports during the corresponding time frame. There were 49 true positives, 9 false positives, 1074 true negatives, and 8 false negatives using the definitions above. This resulted in an overall accuracy of 99.0%, a sensitivity of 86% (95% confidence interval, 74.0-93.0%) and a specificity of 99.0% (95% confidence interval, 98.0-100.0%). Based on these results the algorithm was modified to reduce the number of false positives with a modified NegEx negation algorithm vi . Specifically, the algorithm searched the six words preceding the term "adrenal" for "absence", "cannot see", "free of", "no", "no change", "negative", "not", and "without". If a negation term was found, the sentence in question was ignored.
Algorithm Validation
Two weeks of CT reports (February 15-28, 2009 ) were randomly selected for the final validation of the algorithm. Manual review was performed to identify all reports with discrete adrenal findings and compared to the algorithm, using the same methodology as above.
RESULTS
A total of 876 CT reports from our institution were used in the algorithm validation. Manual review identified 68 positive reports and the algorithm identified 73 positive reports. There were 65 true positives, 8 false positives, 800 true negatives, and 3 false negatives. Examples of false positive and false negative reports are given in Table 3 . This resulted in an overall accuracy of 99.0%, a sensitivity of 96.0% (95% confidence interval, 87.0-99.0%) and a specificity of 99.0% (95% confidence interval, 98.0-100.0%). The prevalence of adrenal nodules in our population was 8.0% (68/876). Findings: There has been continued interval improvement in the infiltrative mass which had previously involved the spleen pancreatic tail left adrenal gland and left kidney.
Impression: Progressive disease manifested as an enlarging pulmonary, hepatic, and osseous metastases. Possible left adrenal metastasis. Findings: A 1.2 x 2.3 cm soft tissue density in the left adrenal gland is suspicious for metastatic disease. Findings: The liver, spleen, gallbladder, biliary tree , pancreas, adrenal glands, and kidneys are unremarkable with the exception of the low attenuating lesion in the interpolar aspect of the right kidney IV representing a small renal cyst. Findings: The spleen, pancreas, both adrenal glands, and both kidneys are unremarkable aside from a 7 mm lowdensity lesion in the lower pole of the left kidney which is too small to characterize but probably benign. History: XX years old woman with a pulmonary mass and a right adrenal mass Impression: No Adrenal mass present. Findings: 10 mm nodule in the left adrenal on image X/X is grossly stable from the X/X/XX study image X/X likely an adenoma. * All sections of the study where the adrenal nodule was included are provided in Table 3 .
DISCUSSION
Adrenal nodules are commonly encountered on cross sectional imaging; often incidentally. Most of these lesions can be diagnosed on initial presentation on CT and represent benign diagnoses such as adenomas or myelolipomas. However, referring physicians often feel compelled to follow-up these nodules with further testing or specialist referrals in order to exclude metastatic disease from a known or unknown primary or a functional adrenal mass. As imaging utilization increases nationally the prevalence of common findings, such as adrenal nodules, will increase correspondingly and health care utilization associated with these masses will also grow.
This algorithm demonstrates that it is feasible to automate the detection of adrenal nodules on cross sectional imaging at our institution with high sensitivity, specificity, and accuracy. Using this approach, similar queries can be developed to evaluate other common findings on cross sectional imaging examinations including pulmonary nodules, renal masses and abdominal aortic aneurysms in order to quantify the prevalence of these findings in our patient population.
This query can be combined with electronic medical record data searches to determine the clinical significance of these adrenal nodules through resultant follow-up. This data could potentially be used to provide automatic feedback to both radiologists and ordering physicians on the clinical significance of these nodules and to enable adjustment of the reporting and management of these nodules in order to optimize patient care.
CONCLUSION
Automated queries of common findings on imaging, such as adrenal nodules on CT, are feasible. These queries can be used to quantify the prevalence of common findings and eventually to determine their clinical significance through follow-up. 
CITATIONS

